INTRODUCTION
Stem cells are in an early undifferentiated state and have the potential to differentiate into a variety of cell types and tissues, both in-vitro and in-vivo [1] . There are different types of stem cells. Adult stem cells are multipotent cells that exist within the adult tissue [2] . Embryonic stem cells (ESCs) have the potential to be differentiated to any cell type (pluripotent), whereas more differentiated stem cells, such as those in the skin, have a more restricted differentiation potential (unipotent) [3, 4] . Induced pluripotent stem cells (iPSCs) can also be differentiated into various cell types [5] [6] [7] [8] but a major advantage of iPSCs is that they can be generated from already terminally differentiated cells, such as skin or fibroblasts, of an individual and do not require isolating cells from embryos [9] . Findings that the simple over-expression of four transcription factors (Oct4, Sox2, Klf4 and c-myc) was sufficient to induce iPSCs from adult mice [5] and human [6] cells made the process of generating stem cells much more tractable in certain species, where it was once difficult to generate stem cells (such as in rats [10] , pigs [11] , and birds [12, 13] ). Since then, several strategies have been used to manipulate cells into a pluripotent state [14, 15] . Derivation of mouse ESCs is a lengthy process [16, 17] that often produces cell lines that have all of the features inherent in ESCs, but fail to incorporate into the germline. Similarly, culturing, selection, and expansion of ESC clones for gene targeting experiments results in clones whose potential for germline transmission will only be revealed after months of mouse breeding. This presents a significant limitation, as time invested may not yield the desired results. Identifying the potential of these cells early in the process, in order to make a stop/go decision, could enhance the efficiency in which research is conducted. Furthermore, overcoming identified differences in cells which lost their pluripotency may lead to rescue of valuable cell lines.
Lastly, while the reprogramming of healthy human somatic cells into a stem cell state has been defined [6, 14] ; there are still important differences being assessed between pluripotent states in derived ESCs, such as the differences between primed and naïve ground states [18] . Our work aims to identify differences, molecular and otherwise, between mouse embryonic stem cells which we are defining as naïve (ESCs that result in germline transmitting chimeras, and thus are fully pluripotent) and primed (ESCs that have all of the features of naïve cells, except that they fail to produce germline transmitting chimeras). These included morphological markers, telomerase activity, MTT assays, and microarray analysis, and incorporation into an embryo. Differences in gene expression can be used as a diagnostic tool to determine if the stem cells are in a fully naïve pluripotent state. In addition, we aim to manipulate primed cells, using lentiviral vectors, in order to induce a naïve state. We determined the differential expression patterns in 3 pairs (naïve/primed) of mouse ESC lines derived from different strains and test the hypothesis that ESC functionality can be restored. Each pair of naïve and primed cell line was generated during a separate gene targeting experiment, each starting from a pluripotent ESC line. Using microarray and bioinformatic analysis, we determined a priority list of differentially expressed genes. The list included genes such as Esrrb, Eras, Klf-5, c-myc, Rnf-17, Atrx, which were significantly downregulated in the primed ESCs; the expression level of these genes was further validated using qRT-PCR. cDNAs for these genes were isolated and used to construct gene cassettes and lentiviral vectors. Primed cells were induced to overexpress some of these genes. Reprogrammed cells were injected into the blastocyst to assess the hypothesis that function, here measured by incorporation into the embryo, could be restored.
MATERIALS AND METHODS

General cell culture
Mouse embryonic fibroblasts were collected at embryonic day 12.5 for 129 Sv and C57BL/6 mice strains (Jackson). Briefly, embryos (n = 4) were extracted from the womb, their liver and head were removed, and the remaining contents were minced manually using forceps. The contents were placed in a 15 mL tube and treated with 0.25% trypsin (0.25% Trypsin/EDTA, Gibco; 1-2 mL per embryo) for 30 min at 37 ℃, pipetting briefly every 5 min to enhance dissociation. Trypsin was neutralized with complete DMEM media, cells were spun down, counted (hemocytometer), re-suspended in media and plated at a concentration of one embryo per 150 mm dish. When grown to confluent layers, all fibroblasts were passaged in complete media twice before cells were frozen in aliquots. Mouse embryonic stem cells [16] were cultured using KO-DMEM and standard conditions. Cells from two different genetic backgrounds and from three different gene targeting experiments were paired up after they were revealed as naïve (germline transmitting) or primed (no germline transmission), respectively (Table 1) .
RNA extraction
Cells or RNA were spun down and RNA isolated using a standard kit (Promega SV total RNA isolation system, Z3105) as before [12] . RNA was quantified using a NanoDrop 2000c (Thermo Scientific) and then stored in -80 ℃. RNA was used for microarray (methods) and qRT-PCR experiments.
Microarray
Microarray analysis was performed in the Microarray Center (Duke University Center for Genomic and Computational Biology), as per their standard protocols (Affymetrix Exon WT Package). Briefly, total RNA (volume 50 mL) was extracted and submitted to the core for analysis on a Mouse Gene 1.0 ST Array (Affymetrix).
Results were analyzed using variance stabilization [19] .
qRT-PCR
Complementary DNA (cDNA) was produced by reverse transcription (RT) in a 20 mL reaction using the supplier's protocol (10 mL of 2 × RT buffer and 1 mL of 20 × Superscript II enzyme; Applied Biosystems). The cDNA was then used as a template to perform PCR gene expression assays in 20 mL reactions containing 1 mL template (approximately 2 μg/mL), 10 mL 2 × Gene Expression Master Mix (BioRad) and forward and reverse TaqMan primer probes (Generated by Applied Biosystems) or in 20 mL reactions containing the same reagents, but in place of TaqMan primers, custom PCR primers and 1 mL SYBR green (BioRad). The reactions were performed in a Cx96 real-time machine (Biorad). Cycling conditions were 95 ℃ for 10 min, followed by 35 cycles of denaturation at 95 ℃ for 15 s and annealing/extension at 60 ℃ for 1 min. No-template controls were run for each primer set and probe. 18S rRNA endogenous control was run for each sample using TaqMan primers that recognized the RNA in all samples tested (Cat# Eukaryotic 18S RNA HS99999901_S1; Applied Biosystems). The results were normalized to the endogenous 18S expression and to the gene expression level of the control mouse fibroblasts using the 2-DDCT method common for qRT-PCR analyses [20] . All primers showed efficiency levels above 90%, using the protocol in the MIQE guidelines (minimal information for publication of real-time PCR experiments). For statistical analysis, 2-way ANOVAs were performed on two factors [genes and strain type (C57BL/6 and 129 Sv)] on n = 3 independently generated lines (replicates) for each of the groups. Table 2 contains the primer sets utilized in this project.
Viral vector generation
In order to generate vectors, we used the backbone for the STEMCCA Cassette [20] , excising the stem cell genes using restriction enzymes. After evaluating a priority list of differentially expressed genes, we decided to generate cDNAs for two genes, Eras (Embryonic Stem Cell Expressed RAS, ENSMUSG00000031160) and Ring Finger Protein 17 (Rnf-17, ENSMUSG00000000365) and Essrb (Estrogen Related Receptor Beta, ENSM-USG00000021255) were generated in order to incorporate them into the cassette. RNF17 incorporation was not successful, therefore, only the ESRRB and Eras genes were used. Cassettes with c-myc and KlF-4 derived from Sommer et al [20] , were also generated. We also generated a cassette with Nanog (NM_028016.1), as a positive control to ESRRB.
Mouse strain of ESC line
Targeted locus
Germline transmission Pluripotent
No germline transmission Not pluripotent 
Viral generation
Lentiviral vectors were generated in human embryonic kidney 293T cells (Cell Biolabs, Cat # LTV-100), using a third-generation lentiviral system, following a previously described protocol [12] . Prior to transfection, the cells were plated on 10 cm collagen coated plates at a density that resulted in 60%-70% confluency at the time of transfection. A transfection mix was prepared with either 5, 10 or 15 mg of DNA of the genes generated in vector or control GFP lentiviral vectors (EF1alfa-GFP; generated in lab), packaging cassette (REV and Gag/ Pol, 10 mg) and the VSV-G (5 mg) envelope expression cassette, respectively. The cells were then transduced with the mix, using 40 mL of Lipofectamine (Invitrogen) per plate. Eight hours after the addition of DNA, the transduced cells were washed with PBS and fresh complete media as used for mouse cells. Media with viral particles were collected every 24 h for the next 48 h and stored at 4 ℃ until complete. Viral particles were separated from cellular debris by centrifugation at 4000 g for 5 min followed by filtration through a 0.45-micron filter. The titer was measured using Quick-Titer (Cell Biolabs Inc, Cat # VPK-112) and promptly stored at -80 ℃. If necessary, titer concentrations were increased by ultracentrifugation (SW-29 rotor) at 50000 g for 2 h, followed by re-suspension in PBS (pH = 7.2). [12] , 2013).
Lentiviral transduction
Proliferation assay
To assess proliferation, we used the MTT [3-(4,5-Dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] Quantitative Cell Proliferation Assay (ATCC; Cat# 30-1010K). Briefly, tetrazolium salts are reduced metabolically by the cells, resulting in a colorimetric change. The resulting intracellular purple formazan is solubilized and quantified spectrophotometrically (at 570 nm). Cells were plated at 10000 cells/well (in quintuplets) and incubated for 24 h. Ten microliters of the MTT reaction solution was added to each plate and incubated for 3 h. One hundred microliters of detergent was added to each plate, stored for 2 h in the dark (room temperature), and the absorbance was measured at 570 nm using a Molecular Devices Emax Microplate Reader. ANOVA was performed to test for differences between cells and strain (n = 5 lines, per strain). Statistical significance was considered at P < 0.05.
Telomerase activity
Telomerase enzymatic activity was determined using the Quantitative Telomerase Detection Kit (BioMax, United States, MT3012), following the manufacturer's protocol. Cell extracts containing proteins and RNA were generated from the ESC, iPSC, and control fibroblast, and then telomerase activity was measured. If telomerase is present, it adds nucleotide repeats to the end of an oligonucleotide substrate of the kit, which is subsequently amplified by real time qPCR. Quantitation was carried out by the PCR software of the BioRad Cx96 system. Positive control (template provided with kit) and negative control (heat inactivated samples) reactions were performed. Cycling conditions for the BioRad Cx96 real-time machine were as follows: 48 ℃ for 10 min and 95 ℃ for ten min, followed by 40 cycles of 95 ℃ for 15 s (denaturation) and 60 ℃ for 1 min (annealing/extension). All reactions were performed in quintuplets. Paired t-tests were performed to test for differences of telomerase in the induced and control fibroblasts of each cell line. Statistical significance was considered at P < 0.05.
Chimera formation
Blastocysts (from strain C57BL/6) were injected with Table 2 Primers used for quantificational real-time polymerase chain reaction to amplify and quantify expression of differentially expressed genes control fibroblasts, primed ESCs, reprogrammed primed ESCs and positive control naive ESCs and implanted into recipient females of the same strain as has been previously done [21] . Briefly, we injected blastocysts, isolated from pregnant C57BLK/6 females, with fibroblasts, primed ESCs, reprogrammed primed ESCs, and positive control naïve ESCs (n = 4). All cells were labeled with GFP through viral transduction. Five days after injection, embryos were extracted and analyzed for incorporation. Embryos were placed in 70% EtOH solution, before being paraffined and sectioned for histological analysis.
Immunohistochemistry
GFP labeling (performed by the Duke University Pathology Lab, as before [12] ) was performed on mouse embryos, or positive control tissue slides (GFP positive), that were cut at 5 mm on a paraffin block and mounted onto glass slides. These were dried for 40 min at 60 ℃ in an oven. The slides were deparaffinized in 3 changes of xylene (5 min each), 2 changes of 100% EtOH (3 min each), and 2 changes of 95% EtOH (3 min each). Rehydration was performed in dH2O for 1 min. To block endogenous peroxidase activity, 3% hydrogen peroxide was used for 10 min, followed by a rinse in dH2O to remove antigens. For the primary antibody [anti-Rabbit GFP Abcam ab290, diluted at 1:100 in PBS (pH = 7.1)], 200 mL of the citrate, pH 6.1, antigen-retrieval buffer from Dako (10 × concentrate) were used. The buffer was preheated to 80 ℃ in a Black and Decker vegetable steamer for 20 min. The slides were then cooled to room temperature. Slides were thoroughly rinsed in water and placed in TBST. After antigen retrieval, 10% normal rabbit serum was applied to the slides and incubated for 60 min at room temperature. Afterwards, they were washed with PBS and the excess was drained. After incubation, Vectastain Elite ABC was used, followed by DAB chromagen (Dako), and incubated for 5 min, followed by washing. All slides were counterstained in hematoxylin for 30 s. Slides were rinsed in tap water until clear and coverslipped.
Animal care and use
All appropriate measures were taken to minimize animal discomfort, monitor post operative recovery and establishing humane endpoints per our IACUC protocol A262-12-10.
Statistical analysis
Biostatistics were reviewed by an expert in biomedical statistics, in order to evaluate methods used, as per suggestions. For the gene comparative, the positive log fold change values mean that the gene expression is lower in the pluripotent cells. The same is true for the t value (which the P value is based on that shows the strength of significance). Although P and t values are linked, we use t values to determine differences between populations, in order to measure the size difference relative to the variation.
RESULTS
Morphology, proliferation and telomerase activity
At first glance, all ESC cells exhibit similar morphology. Those that had been determined to be primed, i.e., no germline transmission, showed round, cluster like formation, similar to naïve ESCs (Figure 1 ), as well as alkaline phosphatase activity (not shown). In addition, qRT-PCR was performed on all samples to determine expression of typical stem cell genes (Oct-4, Sox-2, Klf-4, Nanog). Here, they exhibited similar profiles (relative to control fibroblasts) (Figure 2 ). Normalization was performed with 18 s expression levels for each sample. In order to compare the expression levels of the different stem cells relative to fibroblasts, fibroblasts expression values were set at 1 (Figure 2 ). This normalization allows us to visualize and determine the difference between fibroblasts and the stem cell groups, relative to each other. Doubling times were observed to be similar in all six cell types (3 naive, 3 primed), but were also put to the quantitative test with an MTT Assay. After 5 passages, there was no significant difference between cells, and they all maintained steady rates ( Figure 3A) .
Finally, we assessed telomerase activity in all cell types. Telomerase expression is low or absent in most somatic tissues, such as our control fibroblasts, but not in germ cells, stem cells, and tumors. The telomerase binds to a particular repeat sequence TTAGGG present at the ends of chromosomes of most eukaryotic species and extends them during cell replication. While telomerase activity was significantly lower in the control fibroblast cells, there was no significant difference between the naïve and primed ESC groups ( Figure 3B ).
Differentially expressed genes
The gene array that was utilized (Affymetrix Mouse 1.0 ST Array), evaluated a total of 22690 genes. Our analysis included all of the genes, and a priority list was established for those that were differentially expressed (Table 3) . We used a positive log fold change to evaluate the differences. A positive log fold change indicates that gene expression is lower in the naïve cells. The same is true for the t value (which the P-value is based on that shows the strength of significance).
A gene ontology analysis was performed on the top set of genes using the Ingenuity Pathway Analysis. We have provided a detailed list of all significant gene ontology categories and the genes within (Table 4) . Cell proliferation is the most significant gene ontology category. The P-value estimated from the current version of the IPA database (October 2015) is 1.08E-8. The gene ontology categories we searched are comprised of thousands of complex overlapping hierarchies. Further analysis was performed examining significant sub-categories listed under proliferation. The two sub- Primers used are shown in Table 2 . Esrrb, Atrx and Rnf-17 are all significantly upregulated in naïve ESCs and reprogrammed primed ESCs, relative to primed ESCs. Pax-6 and BMP-7 are significantly upregulated in primed ESCs. Expression levels were measured in established ESCs and primed ESCs after the 30 th passage, in re-programmed primed ESCs two passages after transduction, and in fibroblasts two passages after primary cells were extracted. Error bars indicate SEM within cell populations (Tukey's post hoc, P < 0.001; n = 5 replicates of independent cell lines). ESCs: Embryonic stem cells. categories that passed our significance threshold were "proliferation of stem cells" at P = 5.45E-5 and "proliferation of embryonic cells" at P = 1.41E-4 (Table  4) . These two, more specific, categories further connect the results of our gene ontology analysis to the function of embryonic stem cells. These two candidate genes (ESRRB and ERAS), as well as the others we highlight (KLF5 and MYC) are found in the significant "proliferation" sub-categories. Only 18 distinct genes are found in these two sets. Estrogen-Related Receptor Beta (Esrrb), Eras and myc are found in "proliferation of embryonic cells" (Table 4 ). The other significant sub-category of proliferation, "proliferation of stem cells", contained the genes Eras, Kruppel-Like Factor (Klf-5), and myc (Table  4) . Thus, we turned our attention to a particular set of genes that were differentially higher in naïve stem cells. In particular, Klf-5 (5 1451021_a_at, 1451739_at), c-myc (1424942_a_at), Rnf-17 (1425709_at), Esrrb (1422986_at), Eras (ES Cell Expressed Ras 1456511_x_at) have been implicated in stem cell growth and pluripotency. It is important to note that there were several genes that were upregulated in the primed, that are implicated in differentiation, such as bone morphogenetic protein 7 (Bmp-7) and paired box 6 (Pax-6). Microarray results were validated using qRTPCR (Figure 2 ).
Manipulation of primed cells and in-vivo incorporation
Primed cells were transduced with GFP containing vectors expressing either Essrb or Eras. In addition to these two genes, cells were transduced with c-myc and Klf-4. Gene expression was assessed with RTPCR ( Figure 2 , only ESRRB + c-myc + Klf-4 transduced Table 4 Top gene ontology (proliferation)
The category and sub-categories annotated as "proliferation". Shown are the top gene ontology results (P < 10E-4, number of molecules ≥ 5) of analysis performed on the 391 genes found to be significantly different between groups (P < 0.02). The analysis was performed with IPA (http:// www.ingenuity.com/products/ipa, October 2014).
Rossello RA et al . Figure  4C ) and negative control groups (fibroblasts, Figure 4A ) showed the expected results.
Given the results, we performed expression profiles on Esrrb levels of primed ESCs. The data shows that all of them expressed significantly less Esrrb than their naive counterparts.
DISCUSSION
Establishing mouse ESC cell lines from blastocysts or after gene targeting experiments can be a laborious endeavor, which may produce naïve or primed ESCs. Here we report that, although there are no significant differences in morphology, proliferation, telomerase activity, there are however some significant differences in the expression level of key genes. Upregulation of key genes is observed in primed cells that indicate differentiation, such as Bmp-7 and Pax-6. Bmp-7 is a bone morphogenetic protein has been shown to be important in development, particularly, bone formation [2, 22] and embryogenesis [23] . Pax-6 is a transcription factor that is implicated in embryonic development, particularly the brain and eye [24] , ensuring proper tissue formation. Although further studies are necessary, overexpression of these factors, relative to a base ESC range, could provide an early marker to determine if the cell clones are naïve or primed.
Our attention focused on genes that were downregulated in primed ESCs. Ingenuity Pathway Analysis showed that the top gene ontology category was proliferation. Interestingly, there was no significant difference in proliferation rates, when measured by MTT ( Figure 3A) . However, some of these genes have also been implicated in pluripotency and stem cell selfrenewal. This may indicate that either pluripotency genes are the driving force, or that diminishing proliferation rates may be small and biologically significant or may be observed in further cell passages. In any case, downregulation of these genes may serve a similar diagnostic purpose as the upregulated ones.
Specifically we examined several genes that were downregulated in primed cells; namely Eras Esrrb, c-myc, Klf-5, Atrx, and Rnf-17. All of these genes were shown to be significantly downregulated relative to funtional ESCs (Figure 2 ). Eras produces a constitutively active product that stimulates ESC proliferation [25] , while Esrrb has been shown to have an essential role in placental development and has recently been used as a marker for iPSC reprogramming and substitute for Sox-2 [26, 27] . Eras has been identified to provoke tumorigenic growth, expressed only in stem cells and silenced in somatic cells due to epigenetic changes. Adding Eras exogenously in a constitutively expressed promoter would overcome this limitation. Asides from Sox-2, Esrrb has also been identified as prominent transcription factor that targets Nanog [28] . However, interestingly, when overexpressing Nanog only in primed cells, they did not acquire a naïve phenotype, showing that ESRRB's role spans beyond only NANOG. In fact, ESRRB's role interacting with key stem cell master factors, made it a prime candidate to study not only as a diagnostic indicator, but also as a potential reprogramming factor [29] . In addition ESRRB has been implicated as key downstream regulator of self-renewal, downstream of GSK-3 [27] . Inhibition of GSK-3 has been implicated in supporting mESC state.
Low induction of endogenous Klf-5 may be due to the redundancy of the Klf family [30] , or a lineage specific difference of mammals. It has been shown that the Klf family preferentially regulates genes involved in cell adhesion, either activating or inhibiting adhesion, and that cell adhesion can inhibit proliferation [31] . Myc, in particular c-myc, is known to induce proliferation, by repressing growth arresting genes [32] . This makes it a key contributor in inducing the self-renewal state of the cell. Recently, other factors that are less oncogenic have been shown to be suitable substitutes for c-myc, such as Glis1 [14] . However, Glis1 is not differentially regulated between the naïve and primed cell types. Although we were not able to produce Atrx and Rnf-17 vectors, they do serve as key indicators. Atrx [alpha thalassemia/mental retardation syndrome X-linked homolog (human)] is known for its role in mental retardation, but it has recently been shown that it is a key element in maintaining telomere integrity in pluripotent stem cells [33] . Three different times this gene (1420947_at 1420946_at and 1450051_at) is in the top 20 genes downregulated, and differences in expression level were significant ( Figure  2 and Table 4 ). Future studies will look at this particular gene and its novel function. Rnf-17 is involved in early stages of germ cells, such as PGCs [34, 35] . It is also known that Rnf-17 enhances c-myc function, through interaction with all four known Mad proteins [36] . Although germline transmission is beyond the scope of this paper, primed cells do not possess this quality. We encourage others to examine the differentially expressed genes to further elucidate important mechanisms in the maintenance and plasticity of ESCs (Table 3) .
It is interesting to note that key stem cell "master factor" genes, such as Oct-4, Sox-2 and Nanog [37] , are not differentially expressed in cells whose in-vivo function is limited. These results may therefore yield insights into proper reprogramming of iPSCs, as all of these genes may be upregulated, but other key coregulators may be lagging.
Another important question in our project was to determine if we could restore the fully functional naïve phenotype, by overexpressing some of these key genes.
Here we show at least one combination of transfections (Esrrb + Klf-4 + c-myc) in primed cells was able to alter the expression profile and establish functionality as determined by the degree of incorporation of ESCs into embryos (Figure 4) . Also, in two cases, Esrrb was sufficient to establish pluripotency in primed stem cells. We do not claim that these vectors will work for every case, but do demonstrate the principle that these cells can be reprogrammed into a naïve state, without the need for the OSCK cassette [20] . This suggests that, through genetic manipulation, it is possible to restore the functional naïve state of a primed mESC. The results may be a translational gateway into reprogramming human ESCs, into a naïve state with full ESC features and function.
Although there were strain differences observed in terms of gene expressions, all of the genes utilized in our experiments were differentially expressed in both C57BL/6 and 129SV derived ESCs. Further studies are needed to assess if there are significant strain differences, and what their implications are.
Our study shows that there is a significant set of genes that are differentially expressed between naïve and primed mESCs. These genes tend to be implicated in proliferation and pluripotency. Overexpression of at least one set of genes restores the functional naive phenotype in the primed cells. Taken together, primed cells can be identified at early stages, allowing the researcher to disregard this cell type or attempt to change it into a naïve state. Future studies into other genes, such as ATRX, should yield further insight into the nature of ESC functionality and phenotypes, providing a platform to study the ESC ground state and iPSC reprogramming fate.
COMMENTS
Background
Derivation of mouse embryonic stem cells (ESCs) or gene targeting of ESCs is a lengthy process that sometimes produces cell lines that have all of the features inherent in ESCs, but fail to incorporate into the germline. Identifying this limitation takes many months, from blastocyst injection of ESCs to testing chimeric males for germline transmission of the ESC genome.
Research frontiers
Cell plasticity, reprogramming, and maintenance of stem cells are all inherent topics in this research.
Innovations and breakthroughs
No study, that the authors are aware of, had looked at the differences between two phenotypically identical stem cells, and determined the features that make them behave differently. In addition, here the authors demonstrated that the incorporating/pluripotent feature can be induced in these stem cells as well as potentially controlled.
Applications
Researchers will be able to detect within days if the stem cells they are working with have the capacity to be functional, i.e., generate germline transmitting chimeras, or not. This is a key feature that will save time, money, and effort.
Terminology
Several proteins and gene products are discussed in this paper. Importantly, ESRRB is an estrogen related receptor beta that has been implicated as a downstream regulator of self-renewal and embryonic stem cell expressed RAS, has been implied with tumorigenic growth in stem cells.
Peer-review
The paper is well written and addresses an important issue of the ESC functionality. Authors performed transcriptom analysis of functional and nonfunctional ESC lines and found some differences in gene expression signature. Overexpression of the downregulated ESRRB gene along with Klf-5 and c-myc provided better chimera formation.
